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(71) We, BASF AKTIENGESELL- 
SCHAFT, a German Joint Stock Company of 
6700 Ludwigshafen, Federal Republic of Ger- 
many, " do hereby declare the invention, for 
5 which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed to be particularly described in and 
by the following statement: — 

The present invention relates to solid water- 
10 soluble trace element fertilizers. - 

For normal plant growth, it is necessary to 
feed the plant not only with the well-known 
main nutrients but also with magnesium and 
nutritious trace elements such as iron, man- 
15 ganese, copper, zinc, boron, cobalt and mo^^b- 
denum. These trace element nutrients are 
necessary for building up enzyme systems in 
the plant cells. If only one of the said trace 
elements is withheld or is not fed at an ade- 
20 quate rate, signs _of undernourishment occur. 
A well-known example is the chlorosis caused 
in plants due to a deficiency of iron. This may 
be cured by feeding the required iron ions in 
the form of a soluble iron compound to the sick 
25 plant either via its leaves or through its 
roots. 

Particularly effective compounds for this 
purpose are the iron chelate complexes of N- 
carboxyalkylamino acids, e.g. ethylenedi amino 

30 tetra-acetic acid. The metal complexes of other 
trace elements also have a better action than 
the simple inorganic salts (Stanley Chabarek 
and Arthur Mart ell, "Organic Sequestering 
Agents", John Wiley and Sons, Inc., 1959). 

35 For these reasons, such metal chelates are 
used in agriculture for the cure or prevention 
of plant diseases resulting from trace element 
deficiency. 

Such trace element fertilizers are commer- 
40 cially available in both solid and solution 
forms, although naturally preference is given 
to solid fertilizers, since these are cheaper to 
transport and store. These solid trace element 
fertilizers are mainly single- component ferti- 
45 lizers, only a comparatively small amount of 
said fertilizers being mixtures containing more 
than one trace element. This is probably due 
to the fact that the chelate complexes of the 
individual trace elements to be added to the 



mixture must be prepared in separate opera- 50 
tians. Such multi-component systems are very 
expensive on account of their high manu- 
facturing cost. 

The present invention seeks to provide a 
solid trace element fertilizer which is simple 55 
to manufacture, has good storability, may be 
easily and quickly converted to a ready-to-use 
form by dissolution in water or spray liquids 
and fully satisfies all activity requirem ents . 

According to the invention there is pro- 60 
vided a solid water-soluble trace element ferti- 
lizer comprising magnesium and one or more 
of the trace elements iron, manganese, copper, 
zinc, cobalt and nickel, the magnesium and the 
iron (when present) being in sulfate, nitrate 65 
or chloride salt form or in the form of an N- 
carboxyl alkyl amino acid chelate compound 
and the manganese, copper, zinc, cobalt and 
nickel (when such elements are present) being 
in sulfate, nitrate or chloride salt form, and 70 
one or more N-carboxyalkamino acid sodium 
and/or potassium salts. 

The solid water-soluble trace element ferti- 
lizers of the invention may be manufactured 
by simply mixing the components, and it is no 75 
longer necessary to manufacture die individual 
chelate complexes in separate operations. Sur- 
prisingly, they are stable on storage and show 
virtually no change when stored for relatively 
long periods, although they contain com- 80 
ponents which could react with each other, at 
least in the presence of moisture. As a basic 
rule, all sulphates, nitrates and chlorides of 
the known trace elements iron, manganese, 
copper, zinc, cobalt and nickel may be used. 85 
These compounds may be mixed in any desired 
proportions, depending on the use to which the 
trace element fertilizer is to be put. Usually, 
the salts of iron and magnesium constitute a 
major portion , of the trace element fertilizer, . 90 
and it is advantageous, f r om the storage 
stability point of view, to use only those 
chlorides, sulphates and nitrates of said 
elements which contain not more man 6 mole- 
cules of water of crystallization per atom of 95 
metaL Examples of such salts are not only 
the simple salts containing water of hydration 
but also the double salts, e.g. 



M«(^[H«)»(S0 4 ),.6H 1 0, 
l-e(NH 4 ) 1 (S0 4 ) I .6H 2 0. 

It is preferred to use the trace elements in 
their divalent form. 

In addition to the aforementioned trace 
events the trace element fertilizers may of 
course also contain other trace elements such 
as boron m the form of boric add , and its 
£t W i~ SOl ? b L e "P* (*■ term boric acid includ- 
ing its anhydride), or molybdenum in the form 
of water-soluble mcdybdates 

Particularly ^ suitable sodium and/or potas- 
ST^ te 1 N^fb^l-alkylamino' acids are 
tne salts of nitrilo tnacetic acid (NTA) 
ethylenedianuno tetra-acetic add (EDTA)' 
diethylenetriammopenta-acedc add (DTPA^ 

rf^-r t l y,ethy, ? cdia,nint> triacetic add 
{UMEDTA) and cydohexane-lJJ-diamino 
tenaacetic acid (CDTA). For coavScl 
Ui«e compounds are referred to below by the 
abbreviations given above in brackets. 

J ?° t - n ? es f iU y to use the said acids 
odusively in the form of their sodium and/ or 
potassium salts; they may be partiX Ve 
placed by the corresponding fre^dls? The 
addition of said free acids makes it possible 
toadjust the pH of the aqueous solution pre! 
Pared from said solid trace element fertilisers 
to any value, from about 4 to 7 J 
„,™ e < am T ount ° f s «lium and/or potassium 
^ ° f N-carboxylalkylamino adds, or tiS 

wm^Mf U, ? , ^ ltS aads «mbined! 

will m general be such that at least 20V and 

frS^ M ^ 40 % of divalent ana 
tnvalent metal ions present in the mixnne 
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may be complexed. An excess of said adds or 

meLf 1 " 0t » ? y ' U P 10 100 % « n« detri! 
mental since this will serve to remobflize any 

d?e1ofl M,CatS Which teVe beC0me ancho «d m 

coJL^J. U t a PP redated that water-soluble 
of macronutrient dements may also 
mve^don. 10 dcmem fe «ai^s of Ae 

Example. 

Solid water-soluble trace element fertilizers 
are made by finely milling the compounds 
listed in the Table below in a cross-beater mill 
to give a homogeneous mixture thereof 

Ine resulting mixtures are found to be" stable 
on smrage over relatively long periods, i.e. 
diey do not show changes suffidentiy acute to 
unpair handling thereof. They remain free- 
flowing even when stored at devated tem- 
PMrures. In astability test carried out over 

was found to take place, not even in the case 

4 r i0)> ^ough the partial vapour 
pressure of water above these salts at this 
temperature is considerable and although 
epMm salts decompose at 48'C with the 
euminauon.of water. 

„3f trace element fertilizers may 

ES^t? d,SSQ lved to give concentrated solu- 
tions. Their rate of dissolution is excellent 
S-Wfe 100 S ^ the mixtures Hsod Uto 
the Table below dissolve in 400 c.c of water 
attemperamres of from 23« to 25°cSn 
about 3 minutes with stirring. Only signifi- 

Sf?^ ^.^olvedlortion; ofTss 
man u.5 by weight remains. 
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alkylamino adds with or without free N- 
carboxylalkylamino acid in a total amount 
supaent to complex at least 40% of die di- 
valent and trivalent metal ions present in the 
mixture. 

10. A trace element fertilizer as claimed in 
.claim- 1 and substantially as hereinbefore 
described and exemplified. 



J. Y. & G. W. JOHNSON, 
Furnival House, 
14—18 High Holborn, 
London WC1V 6DE. 
Chartered Patent Agents, 
Agents for the Applicants. 



which copies may he obtained. - 



